Contextul: Programul îmbunătăţit de recuperare (Enhanced Recovery Program ERP) este un protocol multimodal perioperator. Fezabilitatea şi beneficiile rezultatelor sale pe termen scurt au fost raportate la scară largă. Îmbunătăţirile descrise, ca de exemplu durată mai mică a spitalizării şi reluarea timpurie a funcţiilor corpului, reprezintă consecinţa unui răspuns atenuat la stresul chirurgical. Atunci când răspunsul este necontrolat, acesta poate duce la complicaţii postoperatorii şi la rezultate slabe pe termen lung. Răspunsul la stresul chirurgical poate fi monitorizat cu uşurinţă prin analiza mediatorilor din fluxul sanguin. Dovezile actuale nu au relevat până acum dacă programul de recuperare permite măsurarea reducerii stresului chirurgical. În cadrul acestui studiu, am căutat articole ştiinţifice care să investigheze răspunsul la stresul chirurgical şi programul de recuperare aplicat în urma procedurilor minim-invazive de elecţie, pentru a înţelege mai bine nivelul evidenţei privind eficienţa programului de recuperare. Material şi metodă: O analiză sistematică a literaturii a fost efectuată folosind baze de date PubMed, Cochrane, EMBASE şi Google Scholar, urmând liniile directoare PRISMA (Preferred Reporting Items for Systematic Review and Meta-analysis). Studiile includ analiza răspunsului la stresul chirurgical şi programul de recuperare aplicat pacienţilor care au suferit intervenţii chirurgicale laparoscopice în diferite specialităţi. Au fost incluse opt studii, cu un total de 632 de pacienţi. Rezultate: Cei trei paşi ai programului de recuperare -endocrin,
Introduction
Enhanced recovery program (ERP) represents a milestone in surgical care. The feasibility of ERP and its benefit on short term outcomes have been widely reported. Enhanced Recovery has been strongly applied to colorectal surgery (1, 2) . Nowadays, guidelines regarding gastric (3), pancreatic (4), gynecology (5), bariatric (6) , hepatic (7) and urologic (8) surgery are available. In some countries, ERP has become mandatory for patients undergoing colorectal surgery (9) .
Fast Track protocols were first developed to ensure a faster recovery after surgery. Moving from a "faster" to an "enhanced" concept has been a paradigm shift: modulating the Surgical Stress Response (SSR) has become the core of ERP. The mechanisms and organic systems involved in the stress response have been studied for years. Earlier published papers described the pathophysiology underneath these changes through the analysis of stress markers (10) . Surgery causes a predictable reaction involving the metabolic, neuroendocrine and immunological systems (11) . The hormones response raises catecholamine levels and patients develop tachycardia, hypertension and tachypnea. The cellular reaction leads to the synthesis of pro-inflammatory cytokines like Tumor Necrosis Factor alpha, C-reactive protein (CRP),Interleukin (IL)-1, IL-6 and IL-8. Postoperative IL-6 and CRP are useful markers to describe the magnitude of surgical injury (12) .
Well reported improvements brought by ERP, like shorter recovery and early resumption of physiological functions,represent a consequence of an attenuated SSR, while an uncontrolled response is associated with post-operative complications and poor long-term outcomes (13) . Furthermore, SSR can be responsible for an uncontrolled inflammatory syndrome that leads to immunodepression.
The body reaction to trauma can be easily monitored through the analyses of mediators in the bloodstream. The impact of ERP on stress response is measurable as well, but we are far from understanding the actual reduction of stress that ERP allows. What seems to be clear is that laparoscopic surgery is the only ERP item that independently reduces surgical stress (14) . Available evidences do not achieve to tell if ERP in a laparoscopic setting allows a measurable surgical stress reduction.
In this review, we searched for papers investigating SSR and ERP applied to elective miniinvasive procedures through the analysis of mediators, in order to better understand the level of evidence regarding the effectiveness of ERP in minimizing the surgical stress response.
Material and Methods
The review has been registered in PROSPERO (International prospective register of systematic reviews, http://www.crd.york.ac.uk/PROSPERO /searchadvanced.php) with the registration number CRD42017071851,and was performed following the Preferred Reporting Items for Systematic Review and Meta-analysis (PRISMA) guidelines (15) . The following databases were searched to obtain a list of studies: PubMed, Cochrane Database, EMBASE and Google Scholar. Additional records were identified manually by two specific authors. The following search criteria were used for each database: ''(fast track) AND ((surgical stress) OR (immune function))'' or ''(enhanced recovery after surgery) AND ((surgical stress) OR (immune function))'' or ''(ERP) AND ((surgical stress) OR (immune function))''. Studies were limited to English language and the last search date was June 1 st , 2017. Data from identified studies were extracted independently by 2 authors (JC and GM) using a standardized format. References of the included studies were evaluated to identify other potential trials.
Inclusion and exclusion criteria
We included in this systematic review fulllength articles that met the following criteria:
1. 
Quality and Risk of Bias Assessment
Two reviewers (JC, GM) independently assessed the quality and risk of bias of the papers selected using SIGN levels of evidence and grades of recommendation.
(http://www.sign.ac.uk/).
Results
Eight Studies were selected to meet the inclusion and exclusion criteria as described in Fig. 1 . The reviewers identified 865 studies as potentially relevant. Screening for abstract led to sixty-eight full text papers assessed for eligibility. Sixty articles were excluded for not meeting the inclusion criteria.
Seven papers were randomized controlled trials (RCTs) and one was a case control study. Four papers involved patients undergoing open surgery and laparoscopic surgery (16) (17) (18) (19) .
Patients undergoing laparotomic surgery in these papers were excluded from the analysis. The total number of patients included in this review was 632, all of them undergoing laparoscopic surgery, 312 treated within an ERP and 320 with a traditional care. All the papers included in the review are described in Table 1 .
Quality and risk of bias assessment is reported in Table 2 : one out of eight papers was a RCT rated as high quality (level of evidence 1++). Six out of eight were RCTs rated as acceptable (level of evidence 1+). One out of eight was a case-control study rated as acceptable (level of evidence 2+). Five studies regarded patients undergoing colorectal surgery (16, (18) (19) (20) (21) , one study gastric surgery (17) , one study cystectomy (22) and one study retroperitoneal adrenalectomy (23) . Three papers reported nutritional and immune function evaluation (17, 19, 20) , two papers compared the differences in stress hormones response (16, 20) . Three papers investigated surgical impact in terms of humoral response measuring HLA-DR expression on monocyte, Immunoglobulin (Ig) or lymphocyte subpopulations (16, 18, 19) . Five studies used IL-6 as a marker of surgical stress (16-18, 20, 23) . The range of sampling time to evaluate stress and nutritional markers went from 2 hours after surgery till post-operative day (POD) 7.
The majority of papers showed better surgical stress indexes for ERP group. Many authors used IL-6 as a marker of stress response. The analyses showed better values immediately after surgery and lasting within days. CRP is another investigated parameter and it is commonly used in clinical practice. The majority of the papers in this review showed less inflammatory insult in term of CRP in patients treated with ERP. CRP showed the same pattern as IL-6, being lower as close as 2 hours after surgery (23) till POD 7 (17, 22) . Only two authors investigated the stress response dosing pituitary and adrenal hormones (16, 20) . Table 3 reports statistically significant results.
Xu et al. (19) described a series of 43 laparoscopic cases undergoing colon surgery. They reported no difference in term of Immunoglobulin (Ig), T cell and NK cell count between groups. The study by Veenhof et al. (16) analyzed 42 laparoscopic colectomies. Results showed better CRP levels in patients undergoing laparoscopy alone, while IL-6 and Growth hormone appeared to be better preserved in ERP group, although multivariate analysis did not show differences in IL-6 between groups. Liu et al. did their analysis on an elderly population (age range 60-80) undergoing gastric surgery. They described better IL-6 and CRP valueson POD 1, 4 and 7 along with faster decline for 21 patients treated with ERP compared to 21 with a standard of care (17) . Mari et al.describedthe largest series of cases (140 patients) equally divided between ERP and standard care. They reported significant lower IL-6 for enhanced patients on POD 1, 3 and 5 along with return to baseline from POD 3 (20) . No significant difference was found between groups when cortisol and prolactin were dosed. Taupyk et al. described a series of 70 patients undergoing laparoscopic colectomy, 31 were treated with an ERP program. They choose CRP as surgical stress marker and described lower values for ERP group on POD 1 (21). Wang et al.did the analysis on 80 patients (40 ERP, 40 standard care). Lower stress response in terms of IL-6 and CRP was described for patients undergoing an enhanced protocol on POD 1, 3 and 5 (18) . In the same paper, lymphocyte T sub populations were counted. CD3 and CD4/CD8 ratio were better preserved in ERP patients but no difference between groups was found for CD4 and CD8 expression.Guan et al. reported a comparative study of fast-track versus conventional surgery in patients undergoing laparoscopic radical cystectomy and ileal conduit diversion (22) . Their analysis on 115 patients (60 ERP vs. 55 standard care) reported lower WBC count and CRP on POD 5 and 7, while no difference wasseen on POD 1 and 3. Tang et al. dosed IL-6, WBC and CRP on 100 patients undergoing laparoscopic adrenalectomy, equally divided between ERP and standard care. Blood samples were taken 2 and 24 hours after surgery. They describe better values for ERP group in terms of CRP and IL-6 on both samples while WBC count was lower for ERP group 24 hours after surgery.
Studies investigating nutritional status showed better outcomes for patients undergoing ERP. Mari et al. (20) described higher prealbumin levels along with return to preoperative values on POD 5. Similar results were described by Liu et al. (17) . Pre-albumin was higher in ERP Group on POD 4 and 7 compared to traditional care. In the same paper, better albumin and transferrin levels were described. On POD 7 transferrin, albumin and pre-albumin levels returned to preoperative values. Xu et al. (19) showed higher albumin, pre-albumin and transferrin levels when laparoscopy is associated with ERP protocol, although multivariate analysis did not show any difference between groups.
Summarizing the current evidence in the studies analyzed and using SIGN Revised grading system for recommendations in evidence-based guidelines, grade B of recommendation was given based on: 1 RCT study level 1++ and 7 RCTs studies level 1+, 1 casecontrol study level 2+.
Discussion
The effect of ERP on the SSR is still unclear and recent meta-analysis (14, 24) failed to demonstrate the benefit of single ERP items on stress response. Nevertheless, adherence to ERP improves outcomes in patients undergoing colorectal surgery. Only laparoscopy has been found to independently reduce the stress effect, butthere is a lack of studies investigating the SSR in patients treated with an ERP in a laparoscopic setting. The aim of this review was to collect these evidences in order to meet this need.
The three steps of SSR, endocrine, inflammatory and nutritional, were all investigated in the papers included in this review.
There were no powerful evidences of difference in endocrine response among patients. This could be due to the activation of the hypothalamic-adrenergic axis, which is involved in the hormone release, by individual assets. Dosing hormones as markers of this process therefore may not reflect directly the magnitude of trauma. Moreover, different peaks of hormones secretion make it difficult to schedule a precise assessment of sampling time.
Assessing the nutritional status has become mandatory for surgical patients since it directly affects complications and length of stay (25) . In the papers investigating nutritional markers, better resultsareshown for ERP patients. Prealbumin, transferrin and albumin levels are higher and this reflects the benefit of ERP. In fact, enhanced protocols include early per os feeding and less starving,that leads to better outcomes. During SSR, liver protein synthesis switches from physiology to production of acute phase proteins.This process is responsible for a substrate deprivation and worse outcomes. Both higher overall proteins and resumption of physiologic liver protein synthesis were seen in patient undergoing ERP and this is a consequence of a shorter inflammatory status.
The inflammatory phase of SSR has been investigated by all the authors, and lower values of IL-6 and CRP are reported.CRP is commonly used as a clinical marker, while IL-6 is more expensive and less common. Both of them are good markers of surgical trauma in patients. IL-6 is a pleiotropic protein that plays a role in both innate and acquired immunity. As a direct consequence of tissue trauma, it is synthetized locally and acts as a trigger for liver synthesis of other acute phase proteins, such as CRP. IL-6 is frequently higher in patients with chronic inflammatory disease. Moreover, IL-6 stimulates the synthesis of fibrinogen meaning a part in scar tissue growth.Its central role on inflammation is well known and IL-6 has become a target for the treatment of immune-mediated disease (26) . All of these features make IL-6 a good marker for SSR.
In this review, the authors described important evidences in favor of ERP by measuring IL-6, CRP and nutritional markers. This is a key statement that could help clinician understand the effectiveness of enhanced protocols in modulating SSR.To a certain extend an adequate stress response is advantageous for patients. Excessive stress nevertheless can lead to a pathological state. Therefore, an attenuated inflammatory response leads to a faster recovery and minimizes the impact of treatment which is advisable, for instance, in older and oncologic patients who are vulnerable to immunodepression and complications deriving from an uncontrolled stress response.
The next step and future research in perioperative treatment should concentrate on analyzing long term outcomes for enhanced patients, with emphasis on oncologic patients. Benefits of an attenuated SSR could be the key to minimize immunodepression and be a protective feature. Initial studies describe benefits of ERP in terms of long term survival for cancer patients (27) .
To the best of our knowledge, this is the first review of studies about ERP and SSR mediators' analysis in a laparoscopic setting. An important limitation of this review is that the majority of the studies are underpowered. The only study providing a sample size calculation tailored on SSR measurement is the one by Mari et al. (20) . Veenhof et al. extracted data from the LAFA trial (28), Xu et alfrom FTMDT trial (29) . Other trials did not refer as primary end point the difference in surgical stress response between groups. In the study of Mari et al. (20) a significant difference in IL-6 between ERP and standard laparoscopic colorectal surgery was the primary end point. This is also the study that recruited the largest population.
Another limitation is given by the heterogeneous time of sampling of the SSR mediators, which makes comparison of results less reliable.
Conclusions
ERP applied to different types of laparoscopic surgery has a role in reducing SSR. This can be shown by the analysis of stress mediators such as IL-6, CRP and nutritional markers.
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